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FIELD OF THE INVENTION 

The present invention relates to communication systems, and in particular, 
serial link systems. 

BACKGROUND OF INVENTION 

A serial data system consists of a transmit circuit for transmitting data bits 
on a serial link to a receive circuit. In a serial data system, the timing information 
to sample the incoming data signal is embedded in the data stream. To recover a 
time to sample or clock the incoming data signal, most receive circuits include a 
Clock-Data Recovery ("CDR") circuit to synchronize a sample clock with the 
incoming data. A CDR circuit actively looks for transitions in the incoming data 
and phase aligns a sample clock signal with respect to the incoming data 
transitions to provide maximum setup-hold timing margins. 

A CDR circuit is typically responsible for tracking incoming data over a 
range of bit-rates. However, the bit-rate of the incoming data may be different 
than the frequency of the sample clock. Further, the bit-rate of the incoming data 
may vary over time with respect to the sample clock frequency. For example, the 
bit-rate of an incoming data signal may range between 1.50045 GHz and 
1.49955 GHz at any particular time. In other words, a CDR circuit needs to track 
a data signal having a bit-rate of approximately 1.5 GHz + 300 parts per million 
("ppm"). 
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Therefore, it is desirable to provide a circuit, such as a CDR circuit, 
apparatus and method that is capable of synchronizing a sample clock signal to 
incoming data even when such incoming data has a high variable data bit-rate. 

5 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a block diagram illustrating a CDR circuit according to an 
embodiment of the present invention. 

Fig. 2 is a diagram illustrating phase drift between a data signal and a 
clock signal recovered from the data signal using a CDR circuit, according to an 
1 0 embodiment of the present invention. 

Fig. 3 is a diagram illustrating the dither height of a CDR circuit, according 
to an embodiment of the present invention. 

Fig. 4 is a diagram illustrating a reduced dither height when using a CDR 
circuit having a Stall circuit according to an embodiment of the present invention. 
1 5 Fig. 5 is a block diagram illustrating a Stall circuit according to an 

embodiment of the present invention. 

Fig. 6 illustrates maximum dither up and maximum dither down according 
to an embodiment of the present invention. 

Fig. 7 illustrates a PPM indicator and counter/adder according to an 
20 embodiment of the present invention. 

Fig. 8 is a state machine diagram for an indicator according to an 
embodiment of the present invention. 

Fig. 9 illustrates when the number of up signals out number the number of 
down signals for a variable data bit-rate signal having a high ppm according to an 
25 embodiment of the present invention. 

Fig. 10 illustrates an Averaging circuit according to an embodiment of the 
present invention. 

Fig. 1 1 illustrates an apparatus according to an embodiment of the present 
invention. 
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Fig. 12 illustrates a method according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

In an embodiment of the present invention, a circuit, such as a CDR 
circuit, includes a sampler to receive, in response to a Dclk clock signal, a data 
signal having a variable data bit-rate. A Clock circuit is coupled to the sampler 
and generates the Dclk clock signal responsive to a phase adjust signal. A 
Phase Adjuster controller generates the Phase Adjust signal responsive to a 
Phase Adjust Step-Size signal. The value of the Phase Adjust Step-Size signal 
is dependent upon phase differences between the data signal and the Dclk clock 
signal. 

In a another embodiment of the present invention, the Clock circuit 
includes Stall logic that is coupled to first, second and third stages of a CDR 
circuit and is capable of holding the Phase Adjust signal responsive to the first 
and second stage output signals. 

In another embodiment of the present invention, an indicator detects the 
variable data bit-rate and a counter adjusts the phase adjust step-size for the 
Phase Adjust signal. 

In another embodiment of the present invention, the Clock circuit includes 
Stall logic, the indicator and the counter. 

In another embodiment of the present invention, the Clock circuit includes 
an Averaging circuit to output a Phase Adjust signal responsive to the average of 
a first and second Phase Adjust signals for a predetermined period of time. 

Fig. 1 illustrates a CDR circuit 100 having a Phase Adjust Step-Size logic 
130 for determining a phase adjust step-size according to an embodiment of the 
present invention. CDR circuit 100 is able to track a Data signal 120 having a 
variable data bit-rate or variable frequency (also known as a spread spectrum). In 
an embodiment of the present invention, Data signal 120 has a bit-rate that has a 
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fixed difference with respect to Dclk clock signal 125a. In another embodiment of 
the present invention, Data signal 120 has a data bit-rate that varies continuously 
in a range of data bit-rates with respect to Dclk clock signal 125a. 

In an embodiment of the present invention, CDR circuit 100 is able to track 
a Data signal 120 varying from approximately 0 ppm to approximately 5000 ppm 
from a Dclk clock signal 125a. Embodiments of CDR circuit 100 and Phase 
Adjust Step-Size logic 130 are shown in Figs. 5, 7, 8 and 10 and are described in 
detail below. Thus, as described herein, CDR circuit 100 is able to track an 
incoming Data signal 120 having a wide variation in date bit-rate or data phase 
drift (ppm) by adjusting a phase adjust step-size. 

In an embodiment of the present invention, Phase Adjust Step-Size logic 
130 based on ppm and the most recent Up/Dn signal 122 outputs a step size 
signal 127 indicating the magnitude and direction of a step size. In an 
embodiment of the present invention, Phase Adjust Step-Size logic 130 
determines ppm of Data signal 120 with respect to Dclk 125a based on a plurality 
of Up/Dn signals received over a period of time. 

For example, if Phase Adjust Step-Size logic 130 determines that ppm of 
Data signal 120 is much greater than zero and the latest Up/Dn signal is an Up 
signal, a Step-Size signal 127 indicating a zero change in magnitude and zero 
direction is output. If Phase Adjust Step-Size logic 130 determines that ppm of 
Data signal 120 is greater than zero and the latest Up/Dn signal is an Up signal, 
a Step-Size signal 127 indicating a 1 count magnitude and up direction is output. 
If Phase Adjust Step-Size logic 130 determines that ppm of Data signal 120 is 
zero and the latest Up/Dn signal is an Up signal, a Step-Size signal 127 
indicating a 2 count magnitude and up direction is output. If Phase Adjust Step- 
Size logic 130 determines that ppm of Data signal 120 is less than zero and the 
latest Up/Dn signal is an Up signal, a Step-Size signal 127 indicating a 3 count 
magnitude and up direction is output. If Phase Adjust Step-Size logic 130 
determines that ppm of Data signal 120 is much less than zero and the latest 
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Up/Dn signal is an Up signal, a Step-Size signal 127 indicating a 4 count 
magnitude and up direction is output. 

If Phase Adjust Step-Size logic 130 determines that ppm of Data signal 
120 is much greater than zero and the latest Up/Dn signal is a Dn signal, a Step- 
Size signal 127 indicating a 4 count magnitude and down direction is output. If 
Phase Adjust Step-Size logic 130 determines that ppm of Data signal 120 is 
greater than zero and the latest Up/Dn signal is a Dn signal, a Step-Size signal 
127 indicating a 3 count magnitude and down direction is output. If Phase Adjust 
Step-Size logic 130 determines that ppm of Data signal 120 is zero and the latest 
Up/Dn signal is an Dn signal, a Step-Size signal 127 indicating a 2 count 
magnitude and down direction is output. If Phase Adjust Step-Size logic 130 
determines that ppm of Data signal 120 is less than zero and the latest Up/Dn 
signal is an Dn signal, a Step-Size signal 127 indicating a 1 count magnitude and 
down direction is output. If Phase Adjust Step-Size logic 130 determines that 
ppm of Data signal 120 is much less than zero and the latest Up/Dn signal is an 
down signal, a Step-Size signal 127 indicating a 0 count magnitude and down 
direction is output. 

If Phase Adjust Step-Size logic 130 determines the latest Up/Dn signal is 
a no transition signal or no Up or Dn signal is received, a Step-Size signal 127 
indicating a zero magnitude change and no change in direction regardless of the 
ppm of Data signal 120. 

In an embodiment of the present invention, a 4 count change in magnitude 
equals 4 times the 1 count magnitude. Likewise, for the 3 and 2 count magnitude 
changes. 

CDR circuit 100 includes a sampler 110 that receives a Data signal 120 in 
response to a Dclk clock signal 125a provided by Sample Clock phase adjuster 
118. A deserializer 141 receives serial data 140a and serial edge data 140b 
from sampler 110 and outputs in a parallel format N bits of data 121a and N bits 
of Edge data 121b every update cycle to phase detector 112. The update rate is 
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the rate or frequency at which the (phase adjust) Step-Size signal 127 is 
recalculated or regenerated. An update cycle is the period of time between 
recalculating or regenerating the outputs of the components (e.g., deserializer 
141, phase detector 112, Phase Adjust controller 114, and Phase Adjust Step- 
Size logic 130) clocked by Div Clock 129. Phase detector 1 12 then uses N bits of 
data 121a and the last bit from the previous N-bit update cycle (for a total of N+1 
bits of data) along with N bits of edge data 121b to produce outputs up, down, or 
no transition ("Up/Dn") signal 122 to a Phase Adjust Step-Size logic 130. In an 
alternate embodiment of the present invention, Up/Dn signal 122 is provided as a 
phase movement signal to Phase Adjuster controller 114. 

In an embodiment of the present invention, sampler 110 includes multiple 
samplers or receive circuits. 

In an embodiment of the present invention, a phase detector 112 includes 
a majority detector that takes the phase information from each of the N+1 bits of 
data and N bits of edge data. The N+1 bits of data determine if there is transition 
between each of the data bits and uses the corresponding N bits of edge data to 
determine if Dclk 125a and Eclk 125b are early or late relative to Data 120. The 
majority detector votes on each of transitions in the N +1 bits of data, using the N 
bits of edge data, to provide a single Up, Dn, or no transition signal. Phase 
adjuster 114 then generates a Phase Adjust signal 123, responsive to Up/Dn 
signal 122, to Sample Clock phase adjuster 118 in order to align a Dclk clock 
signal 125a with respect to a Data signal 120. Sample Clock phase adjuster 118 
outputs a Dclk clock signal 125a to sampler 110 responsive to a Phase Adjust 
signal 123 and a Data reference clock signal 124a from Sample Clocks source 
116. Sample Clock phase adjuster 118 outputs a Eclk clock signal 125b to 
sampler 110 responsive to a Phase Adjust signal 123 and a Edge reference 
clock signal 1 24b from Sample Clocks source 116. 

In an embodiment of the present invention, Sample Clocks source 116 
includes a phase lock loop circuit. In an embodiment of the present invention, 
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Sample Clocks source 116 generates two clock signals: Data reference clock 
signal 124a and Edge reference clock signal 124b. In an embodiment of the 
present invention, both edges of Dclk 125a are used to time sampling of data 
values in Data signal 120. In an alternate embodiment of the present invention, 
four clock signals are output in a double data rate ("DDR") mode of operation. 
Complementary clock signals that are 180 degrees out of phase from Data 
reference clock 124a and Edge reference clock 124b are also respectively output 
from Sample Clocks source 116 in a DDR mode of operation. Similarly, 
corresponding clock signals are output from Sample Clock phase adjuster 1 18 in 
a DDR mode of operation. Dclk clock signal 125a and Eclk clock signal 125b are 
output from Sample Clock phase adjuster 118 to sampler 110. The Dclk clock 
signal 125a also inputs into Divide-by-N circuit 150. In an embodiment of the 
present invention, N equals the number of bits output in parallel format from 
deserializer 110a. In a double data rate operation embodiment, Dclk clock signal 
125a is divided by N/2 by divide-by-N circuit 150 and input to sampler 110. For 
example, if 10 bits of data are output from deserializer 141, Divide-by-N circuit 
150 would divide Dclk 125a by 10. If 10 bits of data were output from deserializer 
141 in a DDR mode of operation, Divide-by-N circuit 150 would divide Dclk 125a 
by 5. 

In an embodiment of the present invention, Divide-by-N circuit 150 
generates a Div Clock signal 129 for timing circuit components of CDR 100. In 
particular, Div Clock signal 129 is input to deserializer 141, phase detector 112 , 
Phase Adjuster controller 1 14 and Phase Adjust Step-Size logic 130. 

Phase Adjust Step-Size logic 130 outputs a Step-Size signal 127 to Phase 
Adjust controller 114 in order to select the direction and/or the magnitude of the 
(phase adjust) step-size Phase Adjust signal 123 in an embodiment of the 
present invention. Step-size of Phase Adjust signal 123 is set as a number of bits 
of resolution as described below in various embodiments of the present 
invention. Phase Adjust Step-Size logic 130 may receive and/or output additional 
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signals, some of which are described herein in various embodiments of the 
present invention. In an alternative embodiment of the present invention, Phase 
Adjust Step-Size logic 130 may be located within other circuit components of 
CDR circuit 100, such as Phase Adjust controller 1 14. 

A step-size or resolution, including the direction of a Phase Adjust signal 
123 is selected in response to Step-Size signal 127. Phase Adjuster controller 
114 generates a Phase Adjust signal 123 in response to Step-Size signal 127. 
Phase Adjust signal 123 represents both the magnitude and the direction of the 
step-size change. In an embodiment of the present invention, the Step-Size 
signal 127 represents the phase adjustment needed (which may be expressed as 
an amount of time or a portion of a clock cycle) to shift clock signals 124a-b to 
produce Dclk clock signal 125a and Eclk clock signal 125b. In an embodiment of 
the invention, the Phase Adjust signal 123 is expressed as a number of bits that 
represents a time or clock cycle portion. 

An update rate is the rate at which CDR circuit 100 updates the Phase 
Adjust signal 123. An update rate is determined by the number of bits N output in 
parallel format by deserializer 141. In an embodiment of the present invention, 
the number of bits output by deserializer 141 is N and is selected during 
initialization or manufacture of CDR 100. In an alternate embodiment of the 
present invention, the number of bits N output from deserializer 141 is adjusted 
during operation of CDR 100. In this embodiment of the present invention, divide- 
by-N circuit 150 is adjusted to output Div Clock signal 129 correspond to the 
adjusted N parallel bits output from deserializer 141. For example, for an N-bit 
update rate, N bits of data 121a is transferred from deserializer 141 on N lines to 
phase detector 112 in order to determine a Phase Adjust signal 123 from Phase 
Adjuster controller 1 14 to Sample Clocks sourcel 18. 

CDR circuit 100 may also be described in terms of a number of pipeline 
stages. A pipeline stage is defined as a circuit component that processes data 
within a single update cycle. In an embodiment of the present invention, CDR 
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circuit 100 includes 6 pipeline stages. Because the phase detector 112 illustrated 
in Figure 1 may, in an embodiment of the invention, require 2 update cycles to 
generate Up/Dn 122, phase detector 112 may be described as a circuit 
component having two pipeline stages. 

The maximum phase variation (expressed in terms of the parts per million 
(ppm), and which is sometimes referred to as maximum data phase drift or 
maximum tracking rate) that CDR circuit 100 is able to tolerate is equal to the 
ratio of the step-size to the update rate multiplied by the bit-time of data signal 
120, as seen below in Equation ("Equ.") 1 : 

ppm= step-size/update rate* bit-time Equ. 1 

Fig. 2 shows a discrete data phase drift/adjust curve 200 illustrating Equ. 
1. For example, if deserializer 141 outputs 10 bits per update cycle and if phase 
detector 112 observes at least one transition within that update cycle, phase 
adjuster controller 114 will generate a phase adjust signal 123 which will shift 
Data reference clock signal 124a by the phase adjust step-size 210 after data 
phase drift 211 has occurred. A phase adjust step-size 210 will have to be 
greater than the amount of phase drift 211 that occurs within those 10 bit-times 
or: 

step-size >update rate * ppm * bit-time Equ. 2 

For example, 

if Data signal 120 equals 4 Gbps with 500 ppm of drift; 

Dclk clock signal 125a equaling 2 GHz (if DDR); and 

a bit-time of Data signal 120 equals 250 ps (10 bit-times equal 2.5 ns); 

amount of data drift ppm in 10 bit-times equal 1.25 ps. 
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In this example, a CDR circuit 100 may observe as much as 1.25 ps of 
phase drift in 10 bit-times. In order to overcome phase drift 211, a phase adjust 
step-size 210 has to be larger than 1 .25 ps. 

Thus, in order to increase the maximum tracking rate of CDR circuit 100 
having a fixed bit-time of Data signal 120, a step-size and/or an update rate must 
be adjusted or selected for a data signal having a variable data bit-rate. 
Maximum tracking rate is the largest ppm variation in a Data signal 120 CDR 
circuit 100 can tolerate and still acquire or lock to. 

Assuming 8-bits for the step-size for Phase Adjust signal 123, the step- 
size would be 1.95 ps for this example (500 ps (2xbit-time)/2 8 =1 .95). A 10-bit 
update rate and 8-bit step-size provides a maximum tracking rate for CDR circuit 
100 of 780 ppm: 

ppm = step-size/update rate* bit-time Equ. 3 

= 1 .95 ps/1 0*250 ps = 780 ppm 

If Data signal 120 has a greater data bit-rate than 780 ppm, CDR circuit 
100 will not be able to "catch up" and lock to Data signal 120 because the data 
phase drift will be greater than the phase adjust step-size or maximum tracking 
rate of CDR circuit 100. When a step-size of Phase Adjust signal 123 is 
increased to a 6-bit resolution (500 ps/2 6 =7.81 ps) and an update rate is 
decreased to 5-bits, CDR circuit 100 has an increased maximum tracking rate of 
6248 ppm, which is 8 times the maximum tracking rate of a CDR circuit 100 
using 10-bit update rate and 8-bit step-size 

Ppm5-bitupdate/6-bit step-size = 7.81 ps/5*250 ps= 6248 ppm Equ. 4 

However by increasing a phase adjust step-size, the dither associated 
with CDR circuit 100 is likewise increased. Dither is the amount of phase offset 
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from a Dclk clock signal 125a to Data signal 120 from the ideal lock position 
when CDR circuit 100 is tracking Data signal 120. Fig. 3 illustrates a data phase 
drift/adjust curve 300 representing the amount of dither of CDR circuit 100 as a 
function of bit-time of Data signal 120 when there is no ppm difference between 
Data signal 120 and Dclk clock signal 125a. Maximum dither height 301 
illustrates the maximum phase difference between Data signal 120 and Dclk 
clock signal 125a when CDR 100 is operating around the ideal lock position. The 
dither is a function of step-size and circuit latency. 

In an embodiment of the invention, the update rate may be decreased if 
the CDR circuit 100 is capable of operating a higher frequency by increasing the 
frequency of Div clock signal 129. For example, in order to decrease the update 
rate from 10 bits of data to 5 bits of data, each pipeline stage of CDR circuit 100 
would need to operate twice as fast. 

Maximum ("Max") dither height, when Data signal 120 does not include a 
variable data bit-rate (ppm), may be expressed as a function of the number of 
pipeline stages in CDR circuit 100 and the step-size as seen in Equ. 5: 

Max dither height = ± (pipeline stages x step-size) Equ. 5 

For example, a CDR circuit 100 having 6 pipeline stages and a 6-bit step- 
size has a relatively large maximum dither height, which may be expressed as a 
percentage of the bit-time of Data signal 120: 

Max dither height = ± (6 x (2 x bit-time)/2 6 ) Equ. 6 

= ± (0.1875 x bit-time) 

In comparison, a CDR circuit 100 having 6 stages and an 8-bit step-size 
has a maximum dither height which is smaller, by a factor of 4, than the 
maximum dither height of an analogous CDR circuit 100 using a 6 bit step-size: 
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Max dither = ± (0.047 x bit-time) Equ. 7 

Fig. 5 illustrates Stall logic 500 along with components of CDR 100 seen 
in Fig. 1 represented as pipeline stages 513-16. For example, pipeline stages 
513 and 514 represent phase detector 112 illustrated in Fig. 1. In an 
embodiment of the present invention, Stall circuit 500 shown in Fig. 5 is used to 
reduce maximum dither height 301 of phase drift curve 300 as seen in Figs. 3 
and 4. Selectively stalling or bypassing a few pipeline stages in CDR circuit 100 
reduces maximum dither height 301. Stall circuit 500 looks ahead at up/down 
signals from a phase detector 112 and holds or latches an Up/Dn signal 122 if 
Stall logic 518 determines that an up to down or down to up transition is 
requested by consecutive stages by comparing two previous adjacent stage 
outputs in CDR circuit 100. 

Fig. 5 illustrates a Stall circuit 500 along with 4 of 6 pipeline stages in CDR 
circuit 100 in an embodiment of the present invention. In an embodiment of the 
present invention, Stall circuit 500 includes Stall logic 518, register ("Reg") 520 
and OR gate 522 that are coupled to the various pipeline stages. Stage 513 
outputs a Stage Output signal 530 to stage 514 that likewise outputs a Stage 
Output signal 531. Stage 515 outputs a Stage Output signal 532 responsive to an 
inputted Stage Output signal 531. Stage 516 outputs a Phase Adjust signal 123 
responsive to an inputted Stage Output signal 532. Stages 513-516 and Reg 520 
are timed by a Div Clock signal 540. Stage Output signals 530 and 531 are input 
to Stall logic 518 which outputs a Stall Output signal 550 to stage 515, Register 
520 and OR gate 522. Register 520 outputs a Register Output signal 552 to OR 
gate 522. OR gate 522 outputs Stall Output signal 551 to stage 516 responsive 
to Stall Output signal 550 and Register Output signal 552. Accordingly, Stall 
logic 518 outputs Stall Output signal 550 to stall or hold Stage Output signal 532 
and Phase Adjust signal 123 of stages 515 and 516, respectively, for an update 
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cycle, by looking ahead at Stage Output signals 530 and 531 . Likewise, Stall 
Output signal 551 stalls or holds Phase Adjust signal 123 an additional update 
cycle. 

For example, after comparing up/down signals in Stage Output signals 
5 530 and 531, respectively, the last two stages of CDR circuit 100 may be stalled 
(stages 515 and 516). In other words, if Stall logic 518 detects an Up signal from 
stage 513, such as a phase detector 112, and stages 514, 515 and 516 are 
outputting Down signals, by comparing outputs from stages 513 and 514 for a 
change in the direction of tracking (an up to down or a down to up transition), 
1 0 stages 51 5 and 51 6 can be stalled to reduce the maximum dither height 301 . 

Fig. 4 illustrates reducing maximum dither height when using Stall circuit 
500. Data phase difference curve 300 illustrates a maximum dither height 301 
when not using Stall circuit 500. In comparison, data phase difference curve 400 
illustrates a significantly reduced maximum dither height 301 when using Stall 
15 circuit 500. Thus, a CDR circuit 100 with a 6-bit step-size and having 6 stages in 
which 2 stages may be stalled is equivalent to a CDR circuit having 4 stages with 
a reduced maximum dither height as seen in Equ. 8: 

Max dither height = ± (4 x (2 x bit-time)/2 6 ) Equ. 8 

20 = + (0.125 x bit-time) 

Decreasing the maximum dither height, as described above, does not take 
into account a variable data bit-rate (ppm) in Data signal 120. When a variable 
data bit-rate is present in Data signal 120, maximum dither height decreases in 
25 the direction a Dclk clock signal 124a tracks to data phase drift (i.e. "catch-up") 
per update rate, but increases (adds to step-size) the dither away from the 
direction of Dclk clock signal 124a versus data phase drift. Fig. 6 and Equations 
9 and 10 illustrate this relationship: 
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max dither up = # pipeline stages x (step-size - data phase drift) Equ. 9 
max dither down = # pipeline stages x (step-size + draft phase drift) Equ. 10 

For example, a CDR circuit 100 having a 5-bit update rate, 6 pipeline 
stages and a 6-bit step-size has the following maximum dither up and down 
values: 

max dither up = 6 x ((2 x bit-time)/2 6 ) - 5 x ppm x bit-time) Equ. 11 
= 6 x (1/2 5 - 5 x ppm) x bit-time 

max dither down = 6 x ((2 x bit-time)/2 6 ) - 5 x ppm x bit-time) Equ. 12 
= 6 x (1/2 5 + 5 x ppm) x bit-time 

with ppm = 5000: 

max dither up = 0.0375 x bit-time 
max dither down = 0.3375 x bit-time 

Thus, maximum dither down is an order of magnitude larger than 
maximum dither up. 

Even if Stall circuit 500 were used, a CDR circuit 100 would not be able to 
track Data signal 120 having certain variable data bit-rates without additional 
correction or step-size correction based on the data bit-rate of Data signal 120. 
As can be seen by Equation 13, maximum dither down, using an effective 4 
stage CDR circuit, is still a relatively large percentage of bit-time: 

max dither down = 4 x ((2 x bit-time)/2 6 ) + 6 (5 x ppm x bit-time) Equ. 13 

= 0.275 x bit-time 
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In an embodiment of the present invention, the PPM indicator 701, as 
illustrated in Figure 7, may be included in Phase Adjust Step-Size logic 130, and 
Step Size combiner 702 and counter 703 may be included in Phase Adjuster 
controller 114 and the two may be used to adjust the step-size of Phase adjust 
signal 123 responsive to phase error and an amount of data phase drift. Circuit 
700 uses both phase error and data phase drift to provide a phase adjust step- 
size of Phase Adjust signal 123. Circuit 700 includes a data phase drift or ("Parts 
Per Million") PPM indicator 701, Step Size combiner 702 and counter 703. PPM 
indicator 701 receives a signal A that includes phase error, in the form of Up/Dn 
signal 122 or no transitions. Step Size combiner 702 likewise receives signal A 
and sets a predetermined phase adjust step-size up/dn responsive to the Up/Dn 
signal 122. 

In an embodiment of the present invention, Up/Dn signal 122 is input to 
PPM indicator 701 which detects a data drift of Data signal 120 and outputs a 
signal B that represent a variable phase adjust step-size ppm associated with a 
measured data phase drift of Data signal 120. Variable phase adjust step-size ppm 
represents a variable step-size based on the ppm drift between Data signal 120 
and Dclk 124a. In an embodiment of the present invention, signal A corresponds 
to Up/Dn signal 122 (dashed line) or phase movement signal from phase 
detector 112 to Phase Adjust controller 114; and signal B corresponds to Step- 
Size signal 127 shown in Fig. 1 

In an embodiment of the present invention, counter 703 outputs a Phase 
Adjust signal 123 having a phase adjust step-size responsive to a previous count 
value Count [n], signal A or a predetermined step-size (step-size up/dn ) and signal 
B or a variable step-size (step-size ppm ) as seen below in Equation 14. 

Phase Adjust = Count [n +1] = Count [n] + step-size up/dn + step-size ppm Equ. 14 



Attorney Docket No.: RAMB-01016US0 
ramb/1016/1016.app 



Express Mail No. EV 305480465 US 



-16- 

In an embodiment of the present invention, circuit 700 includes an 8-bit 
counter 703 and is included in a CDR circuit 100 having a 5-bit update rate, 6 
stages and receives a 4 Gbps Data signal 120. Accordingly, a nominal count 
value from counter 703 without taking into account ppm is 1 .95 ps: 

count value = 2x150ps/2 8 = 1.95 ps Equ. 15 

So for every up/dn on signal A, Step-Size combiner 702 sets the following 
step-size up /cin as seen below in Equ. 16: 

set step-size up / dn (A) : up = + 3.9 ps (2 cnts) Equ. 16 

dn = - 3.9 ps (-2 cnts) 

PPM Indicator 701 outputs a B signal, including a step-size ppm , depending 
upon a detected data phase drift of Data signal 120. Table I below illustrates 
using a range of data phase drift or frequency differences to select a 
corresponding step-size ppm that is output from PPM indicator 701 . For example, if 
PPM indicator 701 detects a phase drift difference of greater than 2600 ppm, a 
step-size ppm of 3.9 ps is output as signal B. Step-Size combiner 702 then sums or 
subtracts the values of signal A and B depending on Data signal 120's ppm with 
respect to Dclk 125a and whether CDR circuit 100 needs to "catch-up." For 
example, if PPM indicator 701 detects a high ppm of Data signal 120, combiner 
702 sums a 3.9 ps step-size ppm and the 3.9 step-size up/d n to have a phase adjust 
step size to of 7.8 ps (4 cnts) to "catch-up" to the data and combiner subtracts 
the 3.9 ps step-size ppm and the 3.9 step-size up/dn to have a phase adjust step-size 
of 0 ps (0 cnts) if CDR circuit 100 wants to move sample clock signal Dclk clock 
signal 125a against a drift of the data. The summed or differenced step-size, as 
seen in the third and fourth columns of Table I, is then output from combiner 702 
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to counter 703 that adds a previously stored count value Countfn] to the summed 
or subtracted step-size to output Phase Adjust signal 123. 



Frequency difference 


step-size ppm (B) 


step-size 
B + A 


step-size 
B-A 


> (2600 ppm| 


3.9 ps (2 cnts) 


7.8 ps 


0 ps 


> |1300 ppm| 


1.95 ps (1 cnts) 


5.85 ps 


-1.95 ps 


0 ppm 


0 ps (0 cnt) 


3.9 ps 


-3.9 ps 



Table I 



For example, if Data signal 120 includes a data phase drift of 5000 ppm (5 
bits x 0.005 (ppm) x 250 ps = 6.25 ps every 5 bits), PPM indicator 701 outputs a 
3.9 ps step-sizepp m and Phase Adjust signal 123 includes the following step-sizes 
as well as maximum dither up/down values: 

phase adjust up step-size = 7.8 ps 
phase adjust dn step-size = 0 ps 
max dither up = 6 x (up step-size - data drift) 

= 6 x (7.8 ps - 6.25 ps) 

= 9.3 ps 

max dither dn = 6 x (down step-size + data drift) 
= 6 x (0 + 6.25 ps) 
= 37.5 ps 

In a maximum dither Dn case, combiner 702 and counter 703 is not used 
(0 step-size) and data is allowed to drift past a lock point or value. 

Fig. 8 illustrates a state machine 800 used in PPM indicator 701 to adjust 
the appropriate step-size ppm in an embodiment of the present invention. State 
machine 800 includes 5 states 801-805 to increment or decrement a step- 



Equ. 17 



Equ. 18 
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size ppm . f up represents a state transition toward addition of a step-size ppm ; while f dn 
represents a state transition toward subtraction of step-size ppm . These state 
transitions require a frequency detector, such as PPM detector 701a, included in 
PPM indicator 701 to generate these step-size transitions in an embodiment of 
the present invention. 

PPM indicator 701, and in particular a PPM detector 701a, triggers 
changes in states based on whether Data signal 120 includes a high or low 
amount data drift. In an embodiment of the present invention, the number of up 
and down signals from a phase detector 112 is used by PPM detector 701a to 
determine data drift. If the difference between up and down signals is relatively 
large, this indicates a high data drift in Data signal 120 because more steps in 
one direction is needed to "catch-up" to the drifting data. 

For example, if PPM indicator 701 is in state 803 or a 0 cnt state, a phase 
adjust step-size is set to +3.9 ps and -3.9 ps for up and down signals, 
respectively. 

In this example with 6 pipeline or latency stages, the number of up and 
down signals is then 42 and 8, respectively, as seen in Equs. 19 and 20: 

# of ups =6+6x((down step-size + data drift)/(up step-size - data drift)) Equ. 19 

= 6 + 6 x ((3.9 + 6.25) /(|3.9 -6.25|)) 
= 6 + 26 = 42 

# of dns =6+6x((up step-size - data drift)/(up step-size + data drift)) Equ. 20 

= 6 + 6 x ((|3.9 - 6.25|) /(3.9 +6.25)) 
=6+2=8 

The number of up signals will outnumber the number of down signals 
when a Data signal 120 has high data drift away from up, because more ups will 
be needed to "catch up" to the data as the sample clock dithers about a lock 
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position. Fig. 9 illustrates curve 900 showing more up signals are used to "catch 
up" to a lock phase value, or point, than down signals 

In an embodiment of the present invention, PPM detector 701a counts the 
number of up signals and the number of down signals for a predetermined period 
of time. PPM detector 701a then subtracts the number of up signals from the 
number of down signals to obtain an up/dn difference value. PPM detector 701a 
also stores a threshold value for determining whether PPM indicator 701 will 
change state. The up/dn difference value is then compared to the PPM detector 
threshold value in order to determine whether PPM indicator 701 should 
transition to a new state. For the example described above, if an up/dn difference 
value is greater than a threshold value of 15 for 40 updates, PPM indicator 701 
would transition to a new state. 

In an embodiment of the present invention, Stall circuit 500 shown in Fig. 
5 is combined with PPM indicator 701 and counter/adder 702 shown in Fig. 7. 

Fig. 10 illustrates an Averaging circuit 1000 to reduce dither in a 
mesochronous apparatus according to an embodiment of the present invention. 
In an embodiment of the present invention, Averaging circuit 1000 is included in 
Phase Adjuster controller 1 14 of CDR circuit 100 shown in Fig. 1 and Data signal 
120 does not have a variable data bit-rate. Averaging circuit 1000 outputs a 
Phase Adjust signal 123 having an adjusted phase adjust step-size by averaging 
and comparing Up/Dn signal 122. 

An Up/Dn signal 122, shown as Up signals 1010 and Down signals 1011 
in Fig. 10, are input to both mixer counter 1001 and accumulator 
("Acc"")/comparator ("Comp") 1002. Mixer counter 1001 outputs a Phase Adjust 
signal 1012 having a first step-size or count value responsive to Up signals 1010 
and Down signals 1011. Phase Adjust signal 1012 is input to multiplexer 1003 
and Acc/Comp 1002. 

Acc/Comp 1002 averages the number of Up signals to obtain an average 
up value for a predetermined period of time. Likewise, Acc/Comp 1002 also 
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averages the number of Dn signals to obtain an average down value for a 
predetermined period of time. In an embodiment of the present invention, the 
predetermined period of time is 64 update cycles. Acc/Comp 1002 then 
compares the average up value to the average down value. If the average up 
value is greater than the average down value, Acc/Comp 1002 increases a 
stored Phase Adjust signal 1012 a step-size or count value and outputs Phase 
Adjust signal 1013 having an increased step-size to multiplexer 1003. If the 
average up value is not greater than the average down value, Acc/Comp 1002 
decrements a saved Phase Adjust signal 1012 by a step-size or count value and 
outputs Phase Adjust signal 1013 to multiplexer 1003. Phase Adjust signal 123, 
as seen in Fig. 1, is output from multiplexer 1003 responsive to a Lock signal 
1014. Lock signal 1014 is generated from a CDR lock detector 1004 that 
indicates Dclk clock signal 125a has locked to the Data signal 120. Lock signal 
1014 is used to speed up the phase adjustment process by bypassing the 
Acc/Comp 1002. If CDR circuit 100 is tracking or locked to Data signal 120, a 
Lock signal 1014 is asserted and Phase Adjust signal 1013 selected as an output 
of multiplexer 1003; otherwise, Phase Adjust signal 1012 is selected as an output 
of multiplexer 1003. 

Fig. 11 illustrates a Communication apparatus 1100, such as a serial data 
system, according to an embodiment of the present invention. In an embodiment 
of the present invention, Communication apparatus 1100 includes a Transmit 
circuit 1120 and a Receive circuit 1130 coupled by medium 1111. In an 
embodiment of the present invention, Transmit circuit 1120 generates Data 
signal 120 on medium 1111 to Receive circuit 1130. Receive circuit 1130 
includes a CDR circuit 100, according to embodiments of the present invention, 
that actively looks for transitions in the incoming Data signal 120 and phase 
aligns Dclk clock signal 125a with respect to the incoming Data signal 120 having 
a variable data bit-rate to provide optimal setup/hold margin times. 
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In an embodiment of the present invention, medium 1111 is a wire or set 
of wires for transporting signals. In an embodiment of the present invention, 
medium 1111 is a bidirectional data bus that may carry data information, control 
information or both. In an alternate embodiment of the present invention, medium 
1111 is a unidirectional bus. 

Fig. 12 illustrates a method 1200 according to an embodiment of the 
present invention. In alternate embodiments of the present invention, steps 
illustrated as logic blocks shown in Fig. 12 are carried out by hardware, software 
or a combination thereof. In alternate embodiments, the steps illustrated in Fig. 
12 are carried out by the components illustrated in Figs. 1, 5, 7, 8, 10 and 11. As 
one of ordinary skill in the art would appreciate, other steps that are not shown 
may be included and steps shown may be removed in various embodiments of 
the present invention. 

Method 1200 begins at logic block 1201 where a data signal having a 
variable data bit-rate is received. In an embodiment of the present invention, 
sampler 110 receives and samples a data signal. An update rate is selected as 
shown by logic block 1202. An adjust signal for adjusting the clock signal is 
provided and stalled as shown by logic block 1203. In an embodiment of the 
present invention, the adjust signal is used for multiple stages. A step-size for the 
adjust signal is then selected in response to the variable data bit-rate signal as 
illustrated by logic block 1204. In an embodiment of the present invention, the 
step-size is selected every cycle time. A clock signal is then generated to time 
the acquisition of data and edge values responsive to the data and edge signal 
and a clock source as shown in logic block 1205. Method 1200 then ends. 

In various embodiments of the present invention, signals illustrated in the 
Figures and described herein are transferred between the circuits or electrical 
components by a single or multiple conductive elements, such as a metal wire or 
trace. 
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The foregoing description of the preferred embodiments of the present 
invention has been provided for the purposes of illustration and description. It is 
not intended to be exhaustive or to limit the invention to the precise forms 
disclosed. Obviously, many modifications and variations will be apparent to 
5 practitioners skilled in the art. The embodiments were chosen and described in 
order to best explain the principles of the invention and its practical applications, 
thereby enabling others skilled in the art to understand the invention for various 
embodiments and with the various modifications as are suited to the particular 
use contemplated. It is intended that the scope of the invention be defined by the 
1 0 following claims and their equivalents. 
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